Ammonium tartrate single crystals were grown by a solvent evaporation method. The single crystal and powder Xray diffraction studies determine the lattice parameter and showed that the crystal is monoclinic. The lower cut off wavelength was found at 220nm. The functional groups such as OH, NH4 + , COO¯, and CH declares the formation of ammonium tartrate crystal. The molecular structure was established from the NMR analysis. The thermal studies were carried out from TG/DTA experiments. The second harmonic generation efficiency was measured through KurtzPerry technique. The observed second harmonic generation efficiency was found to be higher than KDP and some of the reported nonlinear optical crystals.
INTRODUCTION
Nonlinear optical crystals, in recent years, were studied widely due to their wide application in various technologies like optical information processing, data storage and computing [1] [2] [3] [4] [5] . They are useful in various fields as a result of its high second-order optical nonlinearity, wide transmission range, good thermal and mechanical stability. In semi-organic crystals, the organic molecule binds and form a stable complex with an inorganic host which results in the development of new crystal having high optical nonlinearity 6 . The proper combination of organic and inorganic compound results in a good quality semi-organic crystal and they can play a better role in various linear and nonlinear applications 7 . The crystal derivatives of ammonium are used as optical modulators and frequency converters 8 . The tartaric acid is a α-hydroxyl carboxylic acid which when reacts with various salts produces a material that is suitable for second harmonic generation process. This article reports the growth of ammonium tartrate crystal from solution growth method. The structural characterization of ammonium tartrate crystal was reported by Yadav et al.
9
, the characterization of ammonium tartrate crystal was done here.
MATERIALS AND METHODS
Ammonium tartrate crystal was obtained by solution grew solvent evaporation method. Ammonium carbonate and tartaric acid were taken in an equimolar ratio (1:1) and the solvent used here was double distilled water. The mixture was stirred well using a magnetic stirrer and a homogeneous saturated solution was obtained after 3 hours. This saturated solution was filtered using Whatmann filter paper. Then the filtered solution was covered using polythene paper and a few holes were made for solvent evaporation.
After 30 days colorless crystals were harvested. Figure-1 shows the photograph of grown ammonium tartrate crystals. The reaction scheme and the molecular structure of the grown crystal is given below. 
RESULTS AND DISCUSSION
Single Crystal and Powder X-Ray Diffraction Analysis Transparent crystals of ammonium tartrate were subjected to single and powder crystal X-ray diffraction studies. Single crystal XRD studies were carried out using NONIUS CAD4 single crystal X-ray diffractometer with MoKα (λ = 0.71069 Å) radiation and reveal that the crystal system is monoclinic with P21 space group. Powder X-ray diffraction analysis was done using Ri c h Se i f e r t d i f f r a c t o me t e r w i t h CuK α (λ = 1.54060 Ǻ) radiation and is shown in Fig.-2 . From the XRD pattern, the lattice parameters were calculated using unit cell software, and the parameter is found to be same as that obtained from single crystal XRD. The comparison of lattice parameter obtained from single crystal and powder XRD with reported values 9 are given in Table- 
Optical Transmission Spectral Study
The optical transparency range was observed from Perkin-Elmer UV-Vis-NIR spectrometer in the range 190 to 1100 nm. The transmission spectrum of the grown crystal is shown in Fig.-3 . From the figure, it is observed that the grown crystal has the good transmission in the entire visible region and up to 220 nm in the UV region. The lower cut off wavelength occurs around 220nm and the band gap is found to be 5.045 eV. Any nonlinear optical material can be used only in the absence of absorption at fundamental and harmonic wavelengths. Hence this crystal can be used to generate wavelengths up to 220 nm and in optoelectronic applications 10, 11 . 
FT IR and FT Raman Spectral Analyses
Fourier Transform infrared spectrum was recorded by the KBr pellet technique using a SPECTROMRXI FTIR spectrometer and FT Raman spectrum was recorded using a BRUKER RFS 27 spectrometer to confirm the functional groups. The FTIR and FT Raman spectra of ammonium tartrate crystal are given in given in Table- 3. The peak observed at δ = 4.703ppm was due to the solvent D2O. The resonance peak at δ = 2.378ppm was due to the OH group and the peak appeared at δ = 4.213ppm was due to the CH proton of tartaric acid. The CH proton of parent tartaric acid produces a shift at δ = 4.34ppm. Thus, the upfield shift of CH proton in ammonium tartrate crystal confirms the formation of the crystal. Then the signal produced at δ = 3.97ppm corresponds to the NH4 + proton of ammonium tartrate crystal 13 . The disappearance of the signal for the acid proton in NMR of the diammonium tartrate crystal indicates that the acid proton (-COOH) of the tartaric acid involved in bond formation with the ammonium forming diammonium tartrate crystal. C NMR spectrum of ammonium tartrate crystal is shown in Fig.-7 . The resonance peak at δ = 178.4ppm was due to the presence of COOH group of ammonium tartrate crystal. The peak value of the COOH group of pure tartaric acid was observed at δ = 175.25ppm 14 . Thus the peak was shifted towards downfield, and the downfield shift was due to the formation of a bond between ammonium and tartaric acid, which confirms the formation of ammonium tartrate crystal. The peak appearing at δ = 73.81ppm corresponds to the downfield of CH carbon of tartaric acid. Differential thermal analysis (DTA) and thermogravimetric analysis (TGA) were carried out in the temperature range 30-500°C using an instrument NETZSCH SDT Q600 V 8.3 build 101 in a nitrogen atmosphere at a heating rate of 20°C/min. The TG/DTA curve of ammonium tartrate crystal is given in Figure 8 . In the TG curve, there is a weight loss of nearly 75% around 252°C. This is in accordance with the endothermic peak observed at 252.15°C in DTA and this may correspond to the simultaneous melting and decomposition of the crystal. The next weight loss of nearly 25% observed between 252°C to 500°C indicates the complete decomposition of the crystal.
Nonlinear Optical Study
The second harmonic generation efficiency of the crystal was ascertained from Kurtz and Perry powder technique 15 . The powdered sample of the crystal was subjected to Q-switched mode-locked Nd:YAG laser with 1.4mJ/pulse of input energy.
OPTICAL AMMONIUM TARTRATE CRYSTAL N. Kalaimani et al. The green light emitted from the sample establishes the frequency conversion property of the crystal. A second harmonic signal of 88mV for ammonium tartrate crystal and 55mV for the reference KDP were observed. Thus, the second harmonic generation efficiency of ammonium tartrate crystal was 1.6 times greater than that of KDP. The output of the second harmonic generation is based on the molecular structure and the charge transfer between the bonding groups 16, 17 . N-H...O hydrogen bond results in higher second harmonic generation efficiency of the ammonium tartrate crystal. The second harmonic generation efficiency is compared with some other nonlinear optical crystals and is given in Table- 4. The compared second harmonic generation efficiency shows that the grown ammonium tartrate crystal has good SHG efficiency. L-histidinium-L-tartrate hemihydrate 0.79 [18] L-lysine-L-tartaric acid 0.35 [19] 
